We investigate an effective torsion curvature in a second order formalism underlying a two form world-volume dynamics in a D 5 -brane. In particular, we consider the two form in presence of a background (open string) metric in a U (1) gauge theory. Interestingly the formalism may be viewed via a non-coincident pair of (DD) 5 -brane with a global NS two form on an anti brane and a local two form on a brane. The energy-momentum tensor is computed in the six dimensional CFT. It is shown to source a metric fluctuation on a vacuum created pair of (DD) 4 -brane at a cosmological horizon by the two form quanta in the gauge theory. The emergent gravity scenario is shown to describe a low energy (perturbative) string vacuum in 6D with a (non-perturbative) quantum correction by a lower (p < 5) dimensional D p brane or an anti brane in the formalism. A closed string exchange between a pair of (DD) 4 -brane, underlying a closed/open string duality, is argued to describe the Einstein vacuum in a low energy limit. We obtain topological de Sitter and Schwarzschild brane universe in six dimensions. The brane/anti-brane geometries are analyzed to explore some of their characteristic and thermal behaviours in presence of the quantum effects. They reveal an underlying nine dimensional type IIA and IIB superstring theories on S 1 .
Introduction
In the past years cosmic microwave background (CMB) has revealed the importance of a de Sitter vacuum in Einstein gravity. Astrophysical data from type Ia supernovae indicate an acceleration in cosmic expansion [1] . The cosmological limit from CMB leading to a small positive vacuum energy density motivates an intense research to explore de Sitter vacuum with renewed perspectives [2] - [23] .
Generically a de Sitter (dS) black hole is bounded by a cosmological horizon which makes it very different than an anti de Sitter (AdS) or an asymptotically flat black hole. The dS vacuum defines a maximally symmetric space. It has been conjectured that an asymptotic dS is bounded by a dS entropy. However an asymptotic dS does not possess a spatial infinity unlike to that in an asymptotic AdS. It poses a conceptual difficulty to realize the conjectured dS/CFT holographic duality [4, 5, 10] between a quantum gravity on a dS n+1 to a euclidean CFT on S n .
In particular an observer in a Schwarzschild de Sitter (SdS) black hole is bounded within a temporal phase. In addition a SdS universe is defined with a positive gravitational mass. A negative mass makes a SdS unphysical as it would describe a naked singularity. However a negative mass SdS may become sensible when formally identified with a topological de Sitter (TdS) black hole with a positive mass. The cosmological horizon in the SdS acts as an event horizon in the TdS which protects an observer in a space-like regime from hitting a curvature singularity. Very recently a negative mass SdS black hole has been obtained in presence of a perfect fluid in Einstein gravity [23] . Importantly the energy-momentum tensor corresponding to a perfect fluid is argued to smear a point mass with a non-zero minimal length scale. As a result a curvature singularity at r → 0 is not accessible for for a negative mass SdS in Einstein vacuum. Thus a negative mass SdS gravity, coupled to fluid dynamics, becomes physical due to an intrinsic minimum length scale in the theory. A negative mass SdS in presence of a minimal length scale is characterized purely by a cosmological horizon.
The disappearance of an event horizon in a negative mass SdS allows an observer to confine to a space-like regime. It provokes thought to imagine that a positive mass TdS across a cosmological horizon presumably describes a negative mass SdS in presence of a perfect fluid T µν . Remarkably for a quantum primordial black hole, a (negative and positive) pair mass is identified with a pair of (electric and magnetic) non-linear charge square created in early universe at a Big Bang singularity.
Interestingly the quantum effects as corrections to Einstein vacuum have been investigated in the folklore of theoretical high energy physics and cosmology. A microscopic black hole incorporates quantum effects at the beginning of the universe, where a curvature singularity is believed to exist classically. The quantum mechanical effect underlying an ultra-violet cut-off is believed to smear a point charge. Thus the microscopic black hole becomes free from a curvature singularity [24] and may be viewed as a high energy trapped regime. A black hole in a quantum regime is believed to be governed in a superstring theory which perturbatively incorporates a quantum effect into its low energy effective string vacuum [25] . On the other hand, a quantum correction may as well be governed by a non-perturbative world underlying a strong-weak coupling duality in five dimensional superstring effective theories [26] . A non-perturbative quantum effect, to a macroscopic black hole in a low energy string effective action, may explain the dark energy in our universe. The idea of a non-perturbative quantum correction to a perturbative (low energy) string vacuum is believed to provide a clue to a quintessence scalar presumably sourcing the dark energy. A quintessence may seen to describe a rapid growth in acceleration of our expanding universe underlying a hidden (or extra) fifth dimension.
On the other hand Dirichlet (D) p-branes are believed to possess a potential tool to explore a new vacuum in a superstring theory. A D p -brane is charged under their Ramond-Ramond (RR) forms and they are non-perturbative objects propagating in a perturbative string theory [27] . A space filling D 9 -brane may seen to be described by the closed string modes. However the D-brane dynamics is primarily governed by an open string fluctuations at its boundary. Einstein gravity underlying a closed string is known to decouple from a D-brane world-volume at a critical value of a non-linear electric field. Thus a D-brane world volume is governed by a gauge theory with a flat metric. A global NS two form in a gauge invariant combination with an electromagnetic field has been shown to describe a nonlinear U (1) gauge symmetry [28] . The significance of non-linear, electric and magnetic, charges have been explored to describe various near horizon deformations on a D-brane [29] - [37] .
Furthermore a 4D de Sitter vacuum has been realized in a low energy string theory [38] . It was remarkably constructed by lifting an AdS minimum by an addition of anti D 3 -brane in a type IIB superstring theory. Subsequently dS space has been worked out in a superstring theory by adding fluxes of form fields within the D 7 -branes [39] . These constructions allow to view a dS via a spontaneously broken suppersymmetric vacuum in 4D. Very recently the dS vacua in type IIB superstring theory has been argued with a careful control of higher order curvature corrections [40] .
In the context we recall a pair production mechanism, underlying a particle and an anti-particle, at a black hole horizon has been established as a powerful tool to address some of the quantum gravity effects in the folklore of theoretical physics [41, 42, 43] . The field theoretic idea was generically applied in presence of a non-trivial background metric leading to a black hole. In particular, a photon in a U (1) gauge theory is known to produce an electron-positron pair at a black hole event horizon which in turn is believed to explain the Hawking radiation phenomenon. Interestingly a pair of (DD)-brane creation mechanism at a cosmological horizon has been explored to address some aspects of inflation in string cosmology [44, 45] .
In the recent past, an effective five dimensional torsion curvature underlying vacuum created pair of (DD) 3 -brane has been constructed in a second order formalism [46] - [55] . In particular, a two form quanta in a U (1) gauge theory on a D 5 -brane is argued to produce a pair of (DD) 3 -brane at a cosmological horizon which turns out to describe a Big Bang singularity. An underlying electric non-linear U (1) charge in the effective curvature formalism incorporates an extended particle/antiparticle pair creation in the quantum theory. The assertion for a pair of (non-fundamental) strings may be confirmed with a local two form on a D 5 -brane. The stringy nature further reassures an underlying quantum gravity phenomenon in Yang-Mills theory [56, 57, 58] . Generically a higher form is Poincare dual to a one form on an appropriate D p -brane for p > 3. Thus a higher form theory in presence of a background dS metric may describe a higher dimensional vacuum pairs such as a membrane/anti-membrane, a three brane/anti-brane and other higher dimensional brane pairs.
It may be recalled that a space filling brane (D 9 -brane) in type IIB superstring theory is indeed described by the closed string modes there. The U (1) gauge invariance, underlying a two form on a D 4 -brane, has been exploited and was shown to incorporate a metric fluctuation in an effective curvature formalism [46, 48] . The creation of a brane universe, within a pair of (DD) 3 -brane, was argued at the cosmological horizon with a Big Bang singularity. In addition a vacuum created (DD) 3 was shown to be described with an extra (transverse) dimension within a pair and is viewed as a space filling D 4 -brane [47] . Interestingly the vacuum geometries on a pair of (DD) 3 -brane has been identified with a low energy (perturbative) string vacuum in presence of a non-perturbative quantum correction sourced by a lower dimensional D 3 -brane or an anti D 3 -brane [49, 50] . At this point it is worth mentioning that a background NS two form is known to introduce a (string theoretic) torsion in the low energy string effective action [59, 60] . However the effective curvature formalism deals with a world-volume torsion on a D 4 -brane which a priori has no relevance to a string or NS-torsion.
We may recall that a world-volume torsion in an effective curvature formalism may be identified with a two form or its Poincare dual (non-linear one form) gauge field on a D 4 -brane. Intuitively an induced NS-torsion may be realized via a pull-back in a world-volume of an anti D 4 -brane which serves as a background to a D 4 -brane in the formalism [53] - [55] . In fact our analysis, for a D 5 -brane in the paper, re-assures an underlying vacuum pair of (DD) 4 -brane.
In the paper we revisit an effective torsion curvature formalism underlying a two form world-volume dynamics in a D 4 -brane [46, 48] . We work out an effective curvature in six dimensions sourced by a two form U (1) gauge theory on a D 5 -brane. Six dimensional curvature in the formalism becomes special due to the underlying CFT on a D 5 -brane. In principle a higher dimensional construction would involve a higher form on a D p -brane which in turn is believed to enhance our knowledge on the conjectured M-theory in eleven dimensions. For instance the closed string modes in a space filling D 9 -brane in type IIB superstring theory would be described by a vacuum created pair of (DD) 8 -brane in the formalism. An appropriate higher form dynamics on a space filling brane in presence of a background anti D 9 -brane may provoke thought to look for a space filling M -brane in M -theory [51] . However we restrict the formalism to six dimensions in the paper which may be viewed via a non-coincident pair of (DD) 5 -brane with a global NS two form on an anti brane and a local two form on a brane. In the case a global NS two form would lead to open string metric on an anti D 5 -brane which in turn describes a background metric in the D 5 -brane world-volume theory. Thus our starting point may be enumerated by a two form U (1) gauge theory in presence of a background (open string) metric on a D 5 -brane. We compute the energy-momentum tensor in the six dimensional CFT to show the existence of a nontrivial metric in the effective torsion curvature underlying a vacuum created pair of (DD) 4 -brane. A two form quanta in a CFT is argued to produce a pair of brane and anti-brane at a cosmological horizon. Interestingly the emergent gravity scenario is shown to describe a low energy (perturbative) string vacuum in 6D with a (non-perturbative) quantum correction by a lower (p < 5) dimensional D p brane or an anti brane in the formalism. A closed string exchange between a pair of (DD) 4 -brane, underlying a closed/open string duality, may be helpful to realize the Einstein vacuum in a low energy limit. We obtain topological de Sitter and Schwarzschild brane universes in six dimensions. The brane/anti-brane universes are analyzed for their characteristic properties. They are qualitatively argued to be cosmologically created as a negative and positive mass pairs from a vacuum across a horizon. Their thermal behaviours are analyzed in presence of the quantum effects. It is argued that a quantum geometries undergo intermittent geometric transitions underlying various lower dimensional pairs of brane/anti-brane. They lead to a thermal equilibrium by losing energy via Hawking radiations and describe a stable brane universe at low energy. Their potentials reveal an underlying nine dimensional type IIA and IIB superstring theories on S 1 .
We plan the paper as follows. We begin with a moderate introduction in section 1. A geometric torsion curvature formalism in six dimensions is briefly discussed in section 2 to obtain some of the de Sitter causal patches on a vacuum created pair of (DD) 4 -brane. The quantum corrections, underlying various lower dimensional D-branes, to the low energy (perturbative) string vacuum in six dimensions are worked out to describe a plausible non-perturbative quantum gravity in the formalism. We obtain TdS and SdS branes in 6D, analyze their characteristics and explore some of their thermal aspects leading to stable brane universe at equilibrium in section 3. We conclude the paper with some remarks in section 4.
Torsion geometries in 6D
2.1 Higher form gauge theory on a D p -brane A D p -brane carries a Ramond-Ramond (RR) charge and is established as a non-perturbative dynamical object in a ten dimensional type IIA or IIB superstring theories [27] . In particular a D 5 -brane is governed by a supersymmetric gauge theory on its six dimensional world-volume in a ten dimensional type IIB superstring theory. However we restrict to the bosonic sector and begin with the U (1) gauge dynamics, in presence of a constant background metric g µν , on a D 5 -brane. A linear one form dynamics is given by
where C 2 1 = (4π 2 g s )α ′ denotes the gauge coupling. A non-linear U (1) gauge symmetry is known to be preserved in a one form theory in presence of a constant NS two form on a D-brane. An electric non-linear charge is known to govern an effective gravity, underlying an open string metric
µν , on a D-brane [28] . The six dimensional non-linear gauge dynamics may be approximated by a Dirac-Born-Infeld (DBI) action which describes a non-linear one form A µ . It is given by
On the other hand the Poincare duality ensures that the world-volume gauge dynamics on a D pbrane for p > 3 may appropriately be described by a m-form for m > 1. For instance the U (1)
gauge theory on a D 5 -brane may also be re-expressed in terms of a three form B 3 . In principle a higher (m) form gauge theory on a higher dimensional D p -brane may be explored to address a nonperturbative quantum gravity formulation leading to an eleven dimensional M-theory. Generically a higher form gauge theory underlying a background de Sitter vacuum on a higher dimensional D p -brane may describe a number of vacuum pairs such as: a membrane/anti-membrane, a three or higher dimensional brane/anti-brane universes.
In the context two of the authors (RK and SK) in a collaboration have revisited an effective curvature formalism underlying a U (1) gauge theory on a D 4 -brane in the recent past [52] . A five dimensional geometric torsion dynamics was exploited to describe the creation of a pair of (DD) 3 -brane universe. The quitessence axion dynamics on an anti D 3 -brane was argued to describe the space-time curvature on a D 3 -brane universe. A quintessence scalar is known to incorporate a variable vacuum energy density and is believed to describe the conjectured dark energy in our universe. In fact the effective torsion curvature in five dimensions described by a vacuum created pair of (DD) 3 -brane at a cosmological horizon was developed by one of the authors (SK) in a collaboration [46, 47, 48, 49] . 4 -brane has been argued to be created, at the cosmological horizon in a background de Sitter, by a two form quanta in a non-linear U (1) gauge theory on a D 5 -brane. The pair production mechanism is inspired by the novel idea of Hawking radiation at the event horizon of a semi-classical black hole by a photon in a U (1) gauge theory [41] . An underlying electric non-linear U (1) charge in the effective curvature formalism incorporates an extended particle/anti-particle pair creation in the quantum theory. The assertion for a pair of (non-fundamental) string may be confirmed with a local two form on a D 5 -brane. The stringy nature further reassures an underlying quantum gravity phenomenon in Yang-Mills theory [56, 57, 58] .
A vacuum created pair (DD) 4 is described with an extra sixth transverse dimension between a brane and an anti-brane and may be viewed as a space filling D 5 -brane. It may be recalled that a space filling brane (D 9 -brane) in type IIB superstring theory is indeed described by the closed string modes there. Moreover the U (1) gauge invariance of the two form on a D 4 -brane has been exploited to enforce the metric fluctuations in the five dimensional effective curvature formalism [46] . It was shown that the brane universe may be viewed through a low energy perturbative string vacuum in presence of a quantum correction underlying a (non-perturbative) D-brane or an anti D-brane. µν . See Figure 1 for a schematic set-up in a gauge theory. The action may be given by
where C 2 2 = (16π 4 g s )α ′ 2 denotes a gauge coupling. The local degrees in two form, on a D 5 -brane, shall be exploited to construct an effective space-time curvature scalar K in a second order formalism [46] . Importantly a two form gauge theory in 6D retains conformal invariance at the classical level.
Two form ansatz
A two form ansatz in a gauge theory on a D 4 -brane has been shown to describe a five dimensional geometric torsion in a second order formalism [46] . In the case a two form on a D 5 -brane may seen to describe a six dimensional effective curvature K. Thus a geometric torsion H 3 in the formalism may alternately be viewed via a vacuum created pair of (DD) 4 
and
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An electric-magnetic self-duality in a six dimensional world-volume may be explored to interpret P as a magnetic as well as an electric non-linear U (1) charge. The parameter P incorporates a gauge theoretic torsion and satisfies the two form field equation:
where g µν is a flat metric defined with a spherical symmetry. It is given by
where r β = r sin β .
The angular coordinates are defined with (0
They describe S 4 symmetric vacuum configuration and the line-element is given by
For simplicity we identify some of the S 2 symmetric line-elements within S 4 and they are given by
and dΩ
Geometric torsion
A geometric torsion sourced by (global NS and local) two forms in an effective curvature formalism may be constructed from the underlying perturbative U (1) gauge theory on a D 5 -brane. A global NS two form on an anti-brane is known to couple perturbatively to a gauge theoretic torsion H 3 on a brane within a pair [46] . It may be given by
It may be noted that a geometric torsion H 3 is defined with a modified covariant derivative D µ .
Interestingly H 3 incorporates a constant NS two form as a perturbative coupling to a dynamical two form in the world-volume gauge theory.
At this point we digress and recall that a B coupling to a gauge field strength H 3 is believed to nurture the non-linearity in a U (1) gauge theory. Under a two form U (1) gauge transformation a Lorentz scalar H 2 has been shown to be gauge invariant in presence of an emerging notion of a metric fluctuation [46, 52] . Most importantly a metric dynamics is elegantly governed by the Einstein-Hilbert action which is based on a second order formulation. The Einstein metric under a Weyl scaling may be identified with a string metric whose dynamics is ensured by the vanishing of β-function equations. Generically a string metric along with a NS two form and a dilaton is known to be described in a (low energy) superstring effective action. In other words the coupling of a constant NS two form enforces a string charge perturbatively into a two form gauge theory on a D p -brane world-volume which may hint at a second order formalism underlying an effective curvature [46, 47, 48, 49, 50] .
A commutator, of covariant derivatives, was worked out to explore the possibility of an effective curvature in a second order formalism. For a Minkowski metric g µν , the commutator simplifies to describe an effective curvature tensor of order four. It is given by where
The space-time curvature tensor is anti-symmetric under an interchange of a pair of indices, i.e.
The effective curvature tensor incorporates the dynamics of a geometric torsion in six dimensions. For a non propagating torsion, in a gauge choice, the effective curvature tensor reduces to the Riemannian tensor: K µνλρ → R µνλρ . The gauge choice ensures a decoupling of a dynamical two form in a perturbative gauge theory which in turn dissociates a non-perturbative (Dbrane) correction from the low energy string vacuum. Other relevant curvature tensors are worked out to yield:
The effective curvature scalar K in six dimensions underlies a two form U (1) gauge theory on a Einstein gravity in the formalism. In other words a D 5 -brane vacuum in presence of a geometric torsion may equivalently be described by a low energy 6D string vacuum in presence of a lower [47, 50, 52, 53, 54] . It was argued that a lower dimensional pair of (DD) p−1 brane universe is created at a cosmological horizon by a two form quanta in a U (1) gauge theory on a D p -brane with a de Sitter background. A geometric torsion incorporates a spin angular momentum into the vacuum created pair. A spinning motion on a vacuum created D p -brane is in opposite direction to that on anti D p -brane. It is remarkable to note that the effective curvature scalar K takes into account a non-perturbative correction into a perturbative (low energy) string vacuum. The effective world-volume dynamics in the case may be described by
where C 5 signifies an appropriate coupling constant underlying a D 5 -brane tension and Λ denotes a cosmological constant. The invariant volume signifies the presence of an open string effective metric determinant G (N S) in the formalism. Furthermore a geometric torsion in the effective action may seen to be sourced by an energy-momentum tensor T µν . The trace of T µν is computed to yield
It shows that the conformal invariance at a classical level may seen to be broken by the presence of a cosmological constant. With a gauge choice, Λ = 3(πα ′ ) −1 + K , the T µν may seen to source an emergent metric. Explicitly it is given by
The emergent metric underlying a geometric torsion dynamics (14) is worked to yield:
A geometric torsion correction to an open string effective metric ensures an extra transverse dimension between a vacuum created pair of (DD) 4 -brane in the formalism. The hidden dimension to a brane universe may provide a clue to describe a quintessence axion on a lower dimensional anti brane universe [52, 53, 54 ].
Now we work out the geometric torsion from the ansatz (4) on a D 5 -brane. Its non-trivial components are given by
It shows that a global NS two form can generate an electric field from a magnetic field and vice-versa.
As a result a magnetic non-linear charge has been shown to be generated from an electric point charge without a magnetic monopole [54] . We set C = ±(1/2) in the emergent metric expression (16) on a D 5 -brane. It may also be argued to be sourced byT µν in (15) for C = ∓(1/4)). It is given bŷ 
The emergent geometric patches on a D 5 -brane reassure the presence of a geometric torsion. Its propagation is governed by a six dimensional effective space-time curvature constructed in a second order formalism. In a certain brane window the geometric patches may formally be identified with a black hole geometry underlying a brane universe. However the detail of developments shall be reported elsewhere and is beyond the scope of this paper.
Weyl scaling: de Sitter causal patches
In this section we perform an appropriate Weyl (conformal) transformation of the emergent metric (19) to access the de Sitter vacua on a vacuum created D 5 -brane. The Weyl scaling may be given bŷ
In a brane window, i.e. b > r β > P with (b 4 >> r 4 β and r 12 β >> P 12 ), the conformal factor ensures an ultra high energy regime for the transformed vacua. A priori the emergent quantum geometries underlying a D 5 -brane may be given by
The constants b and P may respectively be identified with a cosmological scale and an energy scale 
.
An anti-brane moves in an opposite direction to that of a brane within a vacuum created pair (DD) 4 -brane at the cosmological horizon. Thus a brane universe is separated from an anti-brane by a null surface and hence their pair annihilation is forbidden in the formalism. A vacuum geometry on an anti brane, within a pair of (DD) 4 -brane, may formally be obtained from that on a brane (21) under r → −r. This is supported by the conservation law in a pair creation process. Thus an anti-brane may be obtained from brane under a π rotation. In fact an observer on a vacuum created brane universe is unaware of the existence of an anti-brane universe. Nevertheless the effective curvature formalism ensures that a brane universe is always associated with an extra hidden dimension which in turn couples to an anti-brane. It is thought provoking to imagine that a higher form (a two form in the case) quanta in a U (1) gauge theory may source the conjectured dark energy in a (DD) 3 -brane universe. A schematic scenario of a pair creation is depicted in Figure 3 . The quantum geometries on a vacuum created (DD) 4 -brane is worked out with a real angular momentumJ = (P/b) 6 at the cosmological horizon. They are given by
A priori, the geometries possess a curvature singularity at r → 0. Nevertheless the singularity is not accessible in a brane window. Thus a torsion, i.e. P = 0, may seen to play a significant role to describe a dynamical brane universe in the formalism. The cosmological constant in an effective curvature vacuum (23) satisfies Λ > 0 at the horizon(s). In absence of a torsion the background metric describes S 4 symmetric pure de Sitter vacuum in six dimensions. It is given by
D _ D 4 4 Cosmological Horizon Extra dimension brane -brane - The emergent metric is non-degenerate in a global scenario. For β = π/2, the vacuum geometry precisely identifies with the pure de Sitter underlying a D 4 -brane in the formalism [46] . The five dimensional de Sitter vacuum is given by
The de Sitter patches in (25) and ( Interestingly the cosmological horizon radius in a six dimensional vacuum, for β = π/2, is less than that in five dimensions, i.e. r c β < r c . It reassures a higher energy in a six dimensional vacuum to that in five dimensional de Sitter brane. The observation is in agreement with a fact that a primordial 4D brane universe in the present era has moved a long path away from its cosmological horizon where universe was vacuum created with a Big Bang [46] . It may also hint at a more fundamental theoretical formulation presumably underlying a geometric torsion at a higher dimension. Since a D 9 -brane is space filling, it provokes thought to believe that a vacuum pair of (DD) 9 -brane in an effective curvature formalism may possibly be described in an eleven dimensional M -theory.
Quantum correction
The geometric patches, on a vacuum created pair of (DD) 4 -brane, may be rearranged to view as a pure de Sitter phase in presence of a torsion. In particular the pure de Sitter geometric patches are Using a brane window we re-express the de Sitter geometric patches (21) obtained on a vacuum created pair of (DD) 4 -brane to address a dynamical torsion contribution in a second order formalism.
The splitted geometric patches, underlying a global NS two form and a local two form, may be given by
The open string effective metric defined with an electric non-linear charge b incorporates a positive vacuum energy density. It describes an S 4 symmetric de Sitter brane background in a non-linear U (1) gauge theory on a D 5 -brane. The de Sitter is characterized by a cosmological horizon at r β → b.
A conserved charge P 3 signifies the presence of a torsion there. It incorporates a (lower dimensional) quantum correction(s) into a 6D de Sitter underlying a low energy string vacuum.
The near cosmological horizon geometries, i.e. r β = (b ± ǫ), on a vacuum pair of (DD) 4 -brane may formally be worked out to yield:
The off-diagonal metric component signifies a spin angular momentum underlying a torsion in the brane geometry. It shows that the spin and the S 3 symmetric patch decouple to confirm a flat metric with the torsion correction. Interestingly a quantum correction is sourced by a dynamical two form which presumably sources a D-string. Hence the correction terms may be identified with a nonperturbative contribution underlying D-string in a near (cosmological) horizon regime. At this point we digress to recall an analysis discussed in the recent past [46] . The pair production mechanism by a two form gauge theory on a D 4 -brane has been argued to vacuum create a pair of (DD)-instanton which grows to describe a pair of of (DD)-particle followed by the higher dimensional vacuum pairs:
(DD)-string, (DD)-membrane and (DD) 3 -brane.
Analysis reveals a nullifying effect of angular momentum on a vacuum created 
The Ricci curvature scalar is computed for the associated geometry on a vacuum created D 4 -brane to yield:
The brane window P < r < b does not access the curvature singularity which is otherwise prevailed in the emergent geometric correction. It may be worked out for ψ = (π/4) at the cosmological horizon. Then the curvature scalar becomes
The ( The quantum (D-brane world-volume) correction in (21) may be re-expressed using the light-cone
coordinates: x ± = (t ± r). The fluctuations on a vacuum created brane universe is given by
Similarly a correction by an anti D 4 -brane may be given by
The quantum fluctuations leading to the emergent geometries on a vacuum created D 5 -brane and an anti D 5 -brane are manifestations of a geometric torsion (P = 0). They are independently described on a brane and an anti-brane respectively by the radial coordinates x + and x − . Unlike to a vacuum created D 4 -brane correction in (27) , the light-cone coordinates assure one lower dimensional brane,
i.e. a D 3 -brane, correction to the low energy string vacuum. It is due to a fact that a world-volume dimension appears to decouple in a light-cone coordinates. Furthermore, the line-element, sourced purely by a torsion fluctuations, reduces to describe a vacuum created D 2 -brane. It may be reexpressed as:
, where
At the creation of a vacuum pair of (DD) 2 -brane, i.e. in a limit to a cosmological horizon r c → b(sin β) −1 , the new radial coordinates ρ ± may be expressed in terms of the original coordinates (t, r, ψ). It may formally be expressed as: ρ c ± = (t + r + bψ) c = (x ± + bψ) c . The near (cosmological) horizon line-element leading to a non-perturbative correction simplifies to yield:
It reassures that an S 2 geometry decouples from a vacuum created D 2 -brane in a near (cosmological) horizon geometry which in turn describes a D 0 -brane. It further shows that the near horizon causal patches become flat. Arguably a low energy perturbative string vacuum may seen to receive a non-perturbative correction underlying a vacuum created pair of (DD)-instanton in an effective curvature formalism. The world-volume dimensions is believed to unfold through the quantum corrections. Intuitively the geometric evolutions of space-time began with a vacuum created pair of (DD)-instanton with a Big Bang at a cosmological horizon. A growth in the space-time dimension may be viewed through a series of nucleation of a higher dimensional brane pair from a lower brane.
The nucleation ceases with a vacuum pair of (DD) 4 -brane underlying a non-linear U (1) gauge theory on a D 5 -brane.
The emergent de Sitter geometries (25) on a pair of (DD) 4 -brane is analyzed at the cosmological horizon using Painleve transformations. It may be given by
In the limit r β → r c = b the effective de Sitter metric reduces to yield:
Interestingly the emergent geometries may be identified with a six dimensional pure de Sitter in Painleve coordinates established in Einstein vacuum. The torsion dynamics in the formalism has been shown to describe a quintessence axion on an anti D 3 -brane universe within a vacuum created pair [52, 53, 54] . A quintessence is believed to be a potential candidate to source the conjectured dark energy in our universe.
3 Quantum de Sitter in 6D: Positive and negative mass pairs
Discrete transformation within causal patches
The effective de Sitter vacua (23) neither correspond to a Schwarzschild de Sitter (SdS) nor to a Topological de Sitter (TdS) causal patch known in Einstein vacuum. However they may be viewed as an orthogonal combination of a Schwarzschild and a topological metric components: G tt and G rr .
We perform a matrix projection [46] to project out the SdS and TdS causal patches from a mixed phase in the quantum regime. In the case we define a (2 × 2) matrix N containing the longitudinal components of the metric quanta with euclidean signature. It is given by
where
The metric components in G µν (−) and G µν (+) are respectively associated with SdS and TdS geometries. A matrix projection, on the column vectors, yields:
The projection geometries indeed describe a mixed causal patch obtained in eq (23) . The (det N ) may be computed to yield
The determinant at the cosmological horizon ensures (det N = −1) a discrete transformation. The matrix inverse is computed to yield:
Interestingly an inverse matrix projection on the same column vectors separate out the SdS potential from the TdS. They are given by
It shows that the effective longitudinal metric components (23) under a discrete transformation reestablish the lorentzian signature.
Topological de Sitter brane
The inverse matrix operation on a (spin up) column vector in (43) projects out a topological de Sitter (TdS) causal patches in an effective curvature formalism. The microscopic TdS black hole in 6D is indeed sourced by a D 5 -brane world-volume torsion charge p (= P 3 ) in a U (1) gauge theory.
Then an effective TdS on a vacuum pair of (DD) 4 -brane, underlying a D 5 -brane, is given by
In absence of a dynamical torsion, i.e. for p = 0, the emergent geometry reduces to a 6D de Sitter in a low energy string vacuum. It is given by
An electric string charge +b may be seen to describe a cosmological horizon on a brane universe.
Then, an anti-brane would like to be described by −r and −b with respect to a brane, though a brane or an anti-brane universe are independently characterized by (r, b).
On the other hand for p = 0, an extremely large string charge b may seen to describe an isolated topological quantum gravity without a classical analogue as P 6 > 0. This is due to a fact that the quantum geometry forbids a point notion underlying a smeared (non-fundamental string) charge P 3
or mass (P 6 ) and hence r → 0 is forbidden. Nevertheless the smearing disappears in a classical limit which in turn re-establishes a point notion allowing r → 0. Thus a classical limit would describe a naked singularity and hence the emergent geometry would not describe a physical brane universe.
The topological quantum geometry on a vacuum pair of (DD) 4 -brane is given by
where the square of non-linear charge may formally be identified with a gravitational mass M = p 2 .
It implies M > 0 in a TdS black hole (44) . Needless to mention that a negative mass in the geometry would incorporate an event horizon which in turn drains off the topological notion. An observer in a classical TdS black hole is protected from a curvature singularity by a (cosmological) horizon at r →r c = b sin −1 β − δM . However the horizon in a quantum TdS is not accessible in the brane window M < r < b. This is in conformity with the notion of a smeared mass set by an ultra-violet cut-off in the gauge theory. Numerical analysis further reassures the assertion.
Schwarzschild de Sitter brane
Under an inverse matrix operation on a (spin down) column vector in (43) we obtained the required causal patches for an effective Schwarzschild de Sitter brane. The microscopic SdS black hole in 6D
is indeed sourced by a D 5 -brane world-volume two form quanta p in a U (1) gauge theory. The SdS black hole on a vacuum pair of (DD) 4 -brane underlying a D 5 -brane is given by pair across a cosmological horizon may be identified with a SdS brane universe and a TdS antibrane universe. Generically a negative mass black hole is known to describe a repulsive gravity (anti gravity). A negative gravitational mass has been argued to produce in pair with a positive mass.
A negative gravitational mass repels a positive mass while a positive gravitational mass attracts a negative mass. Thus a negative mass and a positive mass is believed to move in a pair.
A priori the SdS geometry possesses a curvature singularity at r → 0. However a lower bound on r prescribed by a brane window rules out the possibility of a curvature singularity in the quantum SdS black hole (47) . The absence of a curvature singularity in a black hole may also be seen to be influenced by the quantum effects incorporated by the gauge theoretic quanta on a D-brane into the background string vacuum. An electric non-linear charge on a D-brane endorses a minimal non-zero length scale which in turn incorporates an ultra-violet cut-off. Hence a non-linear charge endorses a string scale on a brane which does not allow r → 0. Hence the obtained quantum SdS brane geometry is free from the curvature singularity and may be viewed as a trapped regime.
Analysis reveals that an observer in SdS brane universe is restricted to a time-like regime between the cosmological horizon r c and an event horizon r e . The horizons are essentially sourced by two independent potentials underlying two distinct electric non-linear charges: a fundamental string charge b and a (non-fundamental) torsion charge p. An instability arised out of the potential difference between the two horizons has been argued to intiate Hawking radiation phenomenon in the SdS black hole. As a result, the event horizon expands to r e →r e = (M sin −1 β + nδM ) and the cosmological horizon shrinks to r c →r c = (b sin −1 β − mδM ), where (n, m) are arbitrary integers. The expansion of an event horizon may be interpreted due to a growth in M . It may also be viewed through an effective geometric torsion curvature underlying a growth in dark energy in a brane universe.
The SdS brane has been argued to evaporate to a Nariai brane geometry [46] . Though the horizon areas are equal in the Nariai limit, they are separated along a time-like coordinate with a non vanishing phase difference, (δM ) t → |r c − r e | t , between the space-like equipotential. In fact, the interpolating potential between the two horizons may be worked out to yield a global maximum in the geometric phase defined by a temporal r in the regime. In particular the equipotential with a spatial r may be viewed at r e → r c . A non-zero geometric time-like phase (δM ) t may be analyzed between the two horizons at r e and r c . It shows that the potential starts to increase from (M sin −1 β + nδM ) = M max to a maximum and then falls to arrive at an equipotential at
Intuitively, the maximum along a temporal r may be interpreted as a shock wave peak along a spatial r coordinate at r → r e → r c in the SdS brane. The expansion of event horizon ceases when the equipotential is approached. In the limit, the mass becomes maximum and takes a critical value M max . The maximal mass is formally identified with the Nariai mass in a de Sitter black hole. It may imply that the Hawking radiations underlying the instabilities transform the SdS brane into a Nariai black hole in the regime. The TdS black hole has been shown to describe a meta-stable phase of the Nariai black hole in the quantum geometry [6, 11] .
Spin angular momentum
The angular velocities in the SdS brane and in the TdS brane are computed at their cosmological horizons. They are given by
It is evident that the effective (SdS and TdS) black holes are rotating with a small angular velocity in opposite directions to each other at their cosmological horizons. The angular velocity of SdS at the event horizon is computed to yield
Thus a SdS brane is rotating with a very large angular velocity at its event horizon r e . We recall that a pure dS at the Big Bang was primarily sourced by a coupling of a global NS two form in disguise of a non-propagating torsion in an effective curvature formalism. The dynamical effects of a geometric torsion began at the cosmological horizon with the creation of a vacuum pair of (DD) 4 underlying a positive-negative mass pair. A slow rotation at a cosmological horizon in brane and anti-brane universes reassure a small torsion or mass at the Big Bang. An increase in angular velocity at the event horizon in a SdS brane or an anti-brane universe reflects an enhanced strength in torsion and hence a large mass there.
On the other hand the SdS and TdS brane universes differ significantly in their potential from the de Sitter vacuum in Einstein gravity [6, 11, 9] . For instance the effective potentials in the six dimensional effective curvature formalism hint at a nine dimensional space-time at Planck scale. It confirms the presence of three extra transverse dimensions hidden to a brane universe. The extra dimensions between a pair of (DD) 4 -brane may be viewed through the ten dimensional type IIA and type IIB superstrings on S 1 . Furthermore the extra dimensions may hint at a vacuum created pair of (DD) 8 -brane universe at Planck scale in an effective curvature formalism. A higher dimensional vacuum pair is in conformity with a space filling D 9 -brane in a ten dimensional type IIB superstring theory and their pair, i.e. (DD) 9 -brane, may be described in an eleven dimensional M-theory.
Thermal analysis
A global NS two form in addition to a dynamical two form do play a significant role to define the vacuum energy underlying a D 5 -brane. In particular, a global NS two form leads to an open string effective metric and hence sources a non-zero potential. A dynamical two form incorporates the quantum fluctuations into a background pure de Sitter in a U (1) gauge theory on a D 5 -brane. The local degrees do play a significant role to compute the total vacuum energy in a de Sitter brane universe. It may qualitatively be analyzed from a generalized notion of an emergent metric for its G tt component. The total energy function is worked out to yield:
The energy function in an effective (SdS and TdS) black holes with a lorentzian signature are respectively given by
The energy density in a SdS brane black hole possesses a minimum at r 0 = ( √ 3 r c r 3 e ) 1/4 . The vacuum energy at its spatial horizon r c = b min sin −1 β = r e = P max sin −1 β is estimated to yield:
The vacuum energy in the TdS brane at a cosmological horizon r c = b sin
It shows that the energy in a Nariai vacuum equals to that in the TdS brane and they are defined at the same spatial horizon: M max = b min . However they are separated by a temporal phase: (δM ) t = 0.
A maximal torsion in Nariai brane undergoes quantum tunnelling and may be identified with the TdS brane [3, 6, 9, 11] . The maximal energy is used to change a negative gravitational mass in Nariai brane to a positive mass in the TdS brane. The maximal torsion has been identified with a condensate of discrete torsion in TdS brane [46] . From the perspective of an observer in TdS brane, the negative energy (particle) from SdS tunnels to TdS through their near (cosmological) horizon boundaries. The positive energy anti-particle from a created pair inside the cosmological horizon raises the gravitational energy in the SdS brane. A pair production process, just inside a cosmological horizon, in the TdS brane continues until the (dark) energy attains its maximum M max in the SdS brane. In the limit the cosmological scale reduces to a minimal value b min and may be identified with a condensate.
Furthermore a thermal analysis may allow one to express the temperature in the SdS brane at its event horizon: (
It is given by
The time-like phase, δM t = 0 in SdS brane, does not seem to validate the thermal field theoretic technique to compute temperature in SdS at its cosmological horizon r c . Nevertheless, under a change in signature, the SdS vacuum may be identified with the TdS. The notional change in metric signature may provoke thought to re-express the temperature at r c in a generic dS using a lorentzian 
It is evident that the temperature in an emergent SdS brane at r c is suppressed by a scale factor ( √ M b −1 ) < 1, than its temperature estimated at r e . It re-assures a net flow of Hawking radiations towards r c in the SdS brane. As a result, the vacuum would eventually evolve towards a pure dS.
The phenomenon is in agreement with the second law of thermodynamics underlying a fact that the total entropy in an asymptotic SdS is bounded from above by the entropy of a pure dS.
Concluding remarks
An effective space-time curvature in six dimensions was formalized underlying a two form CFT in presence of a background de Sitter on a D 5 -brane. In fact the pure de Sitter was obtained with a gauge ansatz for a global NS two form presumably on a (background) anti D 5 -brane. The set up of a brane dynamics in presence of a static anti-brane may be lifted to a higher dimensional scenario underlying a pair of non-coincident brane and an anti-brane in presence of an extra seventh dimension transverse to both the world-volumes. It was argued that a two form quanta in the world-volume CFT of a D 5 -brane produce a pair of (DD) 4 -brane at a cosmological horizon of a pure dS black hole in the background. The non-linearity in the world-volume torsion charge is believed to describe a pair of (non-fundamental) strings. Under a cosmic expansion a string pair grows in the world-volume dimension and describes a space filling pair of (DD) 4 -brane underlying a D 5 -brane. Closed string exchange between a pair was intuitively realized with the emerging quantum torsion geometries in the formalism. The emergent scenario has been shown to describe an extra dimension transverse to a brane (or anti-brane) universe. The hidden dimension to the world-volume was argued to play a significant role and may explain the presence of a quintessence scalar in the formalism. In a low energy limit the world-volume torsion becomes weak and hence decouples to describe Einstein gravity. We believe a geometric torsion in the formalism may be relevant to the study of inflationary cosmology. It may provide a clue to unfold a plausible source for dark energy in our universe.
It may be interesting to generalize the formalism further to describe a higher dimensional brane universe. The construction would involve a higher form on a D p -brane which in turn would like to be described by the M-theory in eleven dimensions. Interestingly the closed string modes in a space filling D 9 -brane in type IIB superstring theory would be described by a vacuum created pair of (DD) 8 -brane. An appropriate higher form dynamics on a space filling brane in presence of a background anti D 9 -brane may describe a space filling brane universe in M -theory.
We have analyzed the emergent quantum patches on a (DD) 4 -brane underlying a geometric torsion in the formalism. The vacuum created SdS brane and TdS brane have been analyzed to describe an emergent pair of negative and positive masses at a cosmological horizon. In fact, the dS brane geometries were found to be mixed with Schwarschild and topological causal patches. They were separated out with a discrete transformation underlying a matrix projection. Interestingly the quantum dS branes were shown to possess a spin angular momentum which is intrinsic to a torsion in the formalism. Computation of angular momentum in SdS confirms a higher spin at an event horizon than at a cosmological horizon. A thermal analysis was invoked in SdS brane to reveal an equilibrium between the horizons which in turn describes a stable SdS brane.
Interestingly the microscopic SdS brane and TdS brane (or anti-brane) have been shown to be free from a curvature singularity. They have been identified with the low energy perturbative string vacuum in 6D in presence of a non-perturbative lower dimensional D p -brane correction for p < 5.
A priori, the quantum correction was shown to evolve with a non-trivial curvature. Analysis reveals that a non-perturbative curvature turns out to be constant at the creation of a pair of (DD) 4 -brane universes at a Big Bang singularity.
